How complex of the complex networks has attracted many researchers to explore it. The entropy is an useful method to describe the degree of the complex of the complex networks. In this paper, a new method which is based on the Tsallis entropy is proposed to describe the complex of the complex networks. The results in this paper show that the complex of the complex networks not only decided by the structure property of the complex networks, but also influenced by the relationship between each nodes. In other word, which kinds of nodes are chosen as the main part of the complex networks will influence the value of the entropy of the complex networks. The value of q in the Tsallis entropy of the complex networks is used to decided which kinds of nodes will be chosen as the main part in the complex networks. The proposed Tsallis entropy of the complex networks is a generalised method to describe the property of the complex networks.
Introduction
The complex networks is a system which composed of many interacting parts. There are many real systems can be modeled as the complex ntworks, such as the biological, social and technological systems [1, 2] . Many property of the complex networks have illuminated by these researchers in this filed, such as the network topology and dynamics [3, 4] , the property of the network structure [2, 5] , the self-similarity and fractal property of the complex networks [6, 7] , the controllability and the synchronization of the complex networks [8, 9] and so on [10, 11, 12, 11, 6, 13] . Among these researches, one of the most important topic is how to describe the complex of the complex networks. Depends on the information theory, the entropy of the complex networks is proposed to measure the complex of the complex networks by some researchers [14, 15, 16] . Most of the existing methods in this filed are based on the shannon entropy. In this paper, a new entropy of the complex networks is proposed based on the Tsallis entropy.
In the existing method, the complex of the complex networks is decided by the structure property, such as the connection between each node, the betweenness centrality and the clustering coefficient. However, in the Tsallis entropy the complex of the complex networks also decided by the relationship between each nodes. If these nodes with small value of degree are chosen as the main construction of the complex networks, then the network become more complex, else when these nodes with big value of degree are chosen as the main construction of the complex networks, then the networks become more orderly. The value of q in the Tsallis entropy of the complex networks decides which kinds of nodes are chosen as the main construction of the complex networks. When the value of q is smaller than 1, the nodes with small value of degree are chosen as the main construction of the complex networks and the network become more complex. The value of entropy is increase. When the value of q is bigger than 1, the nodes with big value of degree are chosen as the main construction of the complex networks and the network become more orderly. The value of entropy is decrease. When the value of q is equal to 1, the Tsallis entropy of the complex networks is degenerated to the degree structure entropy of the complex networks. The complex of the complex networks is decided by the structure property. When the value of q is equal to 0, each node has the same influence on the whole network. The value of the entropy of the complex networks reach to the maximum and the network become the most complex.
It clear that the Tsallis entropy of the complex networks is a generalised method to describe the property of the complex networks.
The rest of this paper is organised as follows. Section 2 introduces some preliminaries of this work. In section 3, a new entropy of the complex networks based on the Tsallis entropy is proposed. The application of the proposed method is illustrated in section 4. Conclusion is given in Section 5.
Preliminaries
In this section, the definitions of the degree centrality and the Tsallis entropy are shown as follows.
Degree centrality
The degree of one node in a network is the number of the edges connected to the node. Most of the properties of the complex network are based on the degree distribution, such as the clustering coefficient, the community structure and so on. In the network, Degree(i) represents the degree of the ith node. To calculate the structure entropy of the complex networks, the degree of the complex networks is defined as follows [16, 17] :
Degree(i)
Where the d i represents the new degree of the ith node which will be used in the calculation of entropy [2] , n represents the total numbers of the nodes in the whole networks.
Tsallis entropy
The entropy is defined by Clausius for thermodynamics [18] . For a finite discrete set of probabilities, the definition of the Boltzmann-Gibbs entropy [19] is given as follows:
The conventional constant k is the Boltzmann universal constant for thermodynamic systems. The value of k will be taken to be unity in information theory [20, 21] .
In 1988, a more general form for entropy have been proposed by Tsallis [22] . It is shown as follows:
The q − logarithmic function in the Eq. (3) is presented as follows [20] :
Based on the Eq. (4), the Eq. (3) can be rewritten as follows:
Where N is the number of the subsystems.
Based on the Tsallis entropy, the nonextensive theory is established by Tsallis et.al [20] .
Tsallis entropy of the complex networks
The Tsallis entropy is the foundation of the nonextensive statistical mechanic. In the complex networks, the basic construction in the structure property is the node's degree. Therefore, in this paper, each node's degree is used as the basic factor of the entropy. In order to use the degree in the calculation of the entropy, the form of each node's degree is transformed in the probability. The details are shown in the Eq.1. Depends on the definition of the Tsallis entropy, the Tsallis entropy of the complex networks is defined as follows.
Where the S q ′ represents the Tsallis entropy of the complex networks, the d i represents the new degree of the ith node, the n is the total number of the nodes in the whole network. The q is the entropic index in the Tsallis entropy which is used to describe the nonextensive additivity in the complex networks.
In order to illuminate the principle of the Tsallis entropy of the complex networks, a example network is shown in the Fig.(1) .
The details of the degree distribution of the example network is shown in the Table 1 .
The proposed method is used to calculate the entropy of the example network. The details are shown in the Table 2 .
When the value of q is equal to 1, the Tsallis entropy is degenerated to 3  3  3  2  5  3  5  3  1  4  2  3  2  2  6  2  3  4  4 the degree entropy [17] . It is clear that follow the increase of the value of q, the value of the Tsallis entropy of the complex networks is decrease. Based on the definition of the entropy, the bigger the value of the entropy, the more complex of the network. From the definition of the Tsallis entropy, the value of the entropic index q can be used to change the construction of the entropy.
In other word, the value of q represents the relationship among those nodes.
Combine with the complex networks, the influence of each node's degree on the entropy is changed by the value of q. The relationship between the value of q and the entropy of the complex networks show as follows: According to the definition of the Tsallis entropy of the complex networks, the value of the entropic index q is used to describe the different relationship among these nodes. When the value of q is smaller than 1, the nodes with small value of degree are important than the nodes with big value of degree.
The edges among those nodes with small value of degree become the main part of the complex network. Because these nodes with small value of degree is the majority in the complex networks so the whole network become more complex. When the value of q is equal to 0, the nodes in the networks is equal to each other, the value of the entropy reach to the maximume. When the value of q is equal to 1, the Tsallis entropy is degenerated to the degree structure entropy, the degree of the complex for the complex networks is decided by the structure property. In other word, the complex of the complex networks is decided by the degree distribution. When the value of q is trended to the ∞ the construction of the complex networks is decided by the node which has a biggest value of degree, the value of the entropy of the complex networks is equal to 0, and the complex networks is orderly.
The result shows that, the complex of the complex networks is not only decided by the structure of the complex network, but also influence by the kind of the relationship between each node. The Tsallis entropy of the complex networks is more generalised method to describe the complex of the complex networks.
Application
In this section, the Tsallis entropy of the complex networks is used in these real networks, such as the the US-airlines networks(US-Airlines) [ The results in the application of the Tsallis entropy show that the Tsallis entropy can be used to describe the complex of the complex networks. The value of the Tsallis entropy of the complex network is corresponded to the scale of the complex networks. The bigger the scale of the complex networks, the more the complex of the complex networks.
Conclusion
In the existing research on the complex of the complex networks, the main idea is that the structure of the complex networks decide the degree of the complex in the complex networks. However, the Tsallis entropy of the complex networks which is proposed in this paper show that the complex of the complex networks also is decided by the relationship between the nodes. Chose different kinds of nodes as the majority of the network will influence the complex of the complex networks. The value of q in the proposed method decided which kind of nodes are chosen as the main part of the network.
The Tsallis entropy of the complex networks have expanded the method on the description of the complex of the complex networks. It is an generalise method to describe the property of the complex networks.
